This is the eighth of a series of articles on the planning and building ofa new radiology department or the extension ofan old one. While the series focuses on a radiology department, it will be of interest to anyone who is planning any part of a hospital, particularly in the detailed information about the planning process and the part to be played by hospital staff during the subsequent building and commissioning. (The first article in the series appeared in the January issue, p 40.)
Superintendent radiographer's office
Even if it means a core position, this office should be centrally placed in the department for the superintendent to observe and control; it should be near those of the radiologists and the central reporting room (CRR) to make communication easy and to promote the good working relationships that are necessary for optimum management of the department.
The Building and Equipment Notes give good guidance on the design ofthis room. Two points related to staffneed attention: the confidential staff data stored in this office will require high security; and sound attenuation is very important so that if the superintendent has to take disciplinary action, this can be done without the rest of the department hearing. The equipment list in HEqN6does not include shelving in Group 1, but this will be needed for the vast amount of records ofa non-confidential nature, e.g. maintenance records of equipment, local rules on techniques and on radiation protection, etc. HEqN6 26.8.4 lists only one size ofkey case (30 hooks) for all departments; this size will be adequate for departments with up to 6 or 7 rooms but not for larger ones, and as it is in Group 2 an early decision will be needed for a variation. Special security arrangements may be needed for some keys, e.g. staff records, and the doors for old film to be removed from the archive (see notes on film storage, article 6, June JRSM).
Number and size
Costings in HN(85)1 are based on a room area of 10 m2, but this may be inadequate for larger departments. Nowhere in HBN6, HEqN6orHN(85)1 is there any suggestion that the superintendent's office will house more than one person, let alone that more than one office might be needed. Yet departments can vary from 4 to 12 rooms with the possible addition of several specialized rooms. We believe that the 10m2 suggested in HN(85)1 will be adequate for a department of up to 5 rooms. A slightly larger size will be needed for departments of 6-9 rooms as some administrative work will be delegated to the deputy superintendent who will need somewhere to do it; to allow space for the additional desk needed, a room of 13 m2 will be necessary. In departments of 10 rooms and more, both the superintendent and the deputy will have so much administrative work that they will often be in the office at the same time, with both having work requiring privacy. Separate offices will therefore be essential, and we suggest room sizes of 10 and 8 m2 respectively. With the extra work arising from Radiation Protection Regulations, Korner statistics, management budgeting etc., the larger office(s) may be required in smaller departments; superspecialist subsections of the department will also increase the administrative workload.
Staff room
The need for a good staff room is obvious to all who work in the department; HBN6, HEqN6 and HN(85)1 acknowledge this, but the planners may still have to be persuaded. It is the place where all the staff can meet at a time of relaxation to establish those contacts which are essential for working together as a team; the bigger the department, the more necessary is that contact, it being all too easy for cliques to develop. Time is wasted walking to and from a central 'coffee lounge'; when out of the department, staff are not available for consultation, nor are they available to help with an emergency. Out-of-hours there will be times when the radiographer on duty has no work and needs somewhere to sit down in comfort and reasonable privacy, but within the department so as to be readily available for the next patient.
As noted in HBN6, the room needs to be near the diagnostic rooms used for A&E to reduce walking out-of-hours. However, during the day it will be filled with cheerful young people who are often noisy. In the corridors will be sick people and their relatives; loud gossip and cheerful laughter coming from the staff room can add to distress. Adequate size is essential; this is provided in HN(85)1 for the smaller departments, room size varying from 18 to 36 m2, a doubling in size of staff room for a trebling in size of department! Remember to use the total number of rooms when calculating size; rooms not allowed for in HN(85)1 (isotope, CAT) will bring extra staff, disproportionately more from some.
The need for 'beverage making and cooking facilities' is included in paragraph 4.84 of HBN6, leaving the architect to make suitable provision. HEqN6 (para 26.8.9) lists the equipment for a beverage bay; this will provide the in-department refreshment facilities that make work more pleasant, particularly out-of-hours. Make sure it is included. Extract ventilation will be needed.
As noted earlier, there should ideally be natural lighting and ventilation as part of a generally pleasant environment, but often other considerations bring the room into a core position. For the flooring, carpets are much 'warmer' than lino or vinyl, but the beverage bay will need the latter for ease of cleaning.
Generally, the equipment listed in HEqN6, paras 26.8.8 & 9, is satisfactory: the number of curtains needed will depend on the number of windows rather than on the number of X-ray rooms; the allocation of tables pays little attention to the number of staff, a total of 4 for up to 7 rooms and 5 for 8 rooms or more.
Staff bedroom
An early policy decision is required on whether the duty radiographer will be on-call at home or will be sleeping-in when on duty. The former is easier from a planning point of view, nothing special being required. However, there is a marked loss of patient convenience and it is expensive to run except in the smallest departments. For all but these, sleeping-in is usual and suitable accommodation has to be provided. There are three possibilities: (a) Use of the staff room, either by a convertible bedsettee or a curtained recess with a bunk bed. This is not a satisfactory arrangement, because anyone on duty needs proper privacy when in bed, not a large staff room that has been used all day and may smell of cigarettes and chips. Furthermore, it is in the middle of a deserted department, which alone can be very frightening. (b) A proper bedroom situated in the department. This is better, but still very lonely. (c) A proper bedroom situated at some convenient place in the hospital. This is the commonest provision, often in or near the A&E department which will be close to the radiodiagnostic department if DHSS advice is followed. There may be other dutystaff bedrooms there and the exact site needs to be carefully selected-enough activity to prevent loneliness, but not so much as to prevent sleep. There will need to be toilet and washing facilitiesat least a shower, preferably a proper bathroom. Details of duty-staff bedrooms are given in HBN24.
Very large departments may need two or more radiographers on duty; to provide for more than one, possibly of opposite sexes, the staff room is even less suitable. If there is training of radiographers and/or radiologists, these may need to be on duty at night to obtain a full width of experience; if so, further accommodation will be required.
Staff changing and toilets Note para 4.85 in HBN6 which states: 'central staff changing is not normally considered appropriate for radiographers'. There is little to add to 4.85,4.86,4.88: as mechanical ventilation is essential and occupation intermittent, paras 5.25 & 5.31 list these rooms as suitable for core location. There are some curious anomalies in HEqN6: for the men's side, there is a shaver socket outlet in Group 1, but no mirror which also should have been in Group 1, i.e. included in the building contract. There is provision for the women to store clothing (lockers and coat rails with security) but not the men! In HN(85)1, small departments have a changing space for men of only 2.0 m2, rising to a mere 5.0 m2 for a 12-room department; currently the proportion of male radiographers is rising, so these spaces may be inadequate.
Shower
See HBN6, para 4.89; 3.50 m2 is specified in HN(85)1. The shower is for the use ofpatients and staff, and can be very helpful for the latter in a heat wave; female patients after a micturating cystogram can also find it useful. While many post-enema patients need a wash, few of those who do could be trusted in a shower.
Toilet facilities
Fairly early in planning, take an overall look at the provision of toilets; there should be adequate facilities, either inside the department or close to it, for patients and staff, for the fit and for the handicapped and for patients at the various stages oftheir examinations. Over-provision can be expensive; underprovision will be embarrassing. For details ofdesign, see the 'A' and 'B' sheets. All toilets should be properly signposted, particularly those used by patients.
Nursing facilities
The patients of the department have always needed general nursing care. Developments in diagnostic radiology have seen a considerable increase in the nursing involvement, e.g. the number and complexity of interventional procedures, ultrasound control of puncture and drainage, radiculography, arthrography, etc. In addition, the injection of accelerating or paralysing agents often forms part of a barium examination. A considerable range ofcontrast media and of drugs is used in the average department; an isotope facility will increase the range further. The X-ray nurse is now a specialized person requiring general nursing experience plus a knowledge of instruments, the wide range of arterial catheters, the contrast media and the specific drugs, as well as knowing which procedure requires which equipment. Usually, she will organize the resuscitation procedure under the guidance of the radiologist and the anaesthetist.
Nurse base
To provide the required service, these specialized nurses need a properly equipped base of adequate size. HBN6, para 4.38, says it should be the focal point of the whole 'nursing area'.
There are several choices ofwork station in the 'B' sheets; for the most appropriate, both the departmental nurses and the nurse managers should be consulted. Space will be needed for the telephone and departmental intercom and for the paperwork which even nurses cannot avoid. As the nurse must be available for emergencies, there should be good visibility from the base and ready access to it.
There will be an emergency call system in the department. HBN6, para 5.66, suggests that the daytime call for the nurse is combined with the out-ofhours call for outside help (discussed in article 3, March JRSM): the system and its switching must be reviewed for its nurse-call function. Both facets are essential and the efficiency of neither should be sacrificed to save cost.
Recovery area
See HBN6, paras 4.40 & 4.41 ; this will be near the rooms for those procedures which may require aftercare, particularly those under anaesthetic. The nurse base will also be in this area. The Whole Hospital Policy will determine if piped gases and suction are provided; there must be an early decision as there are planning implications for engineering services: references for technical data are given in HBN6, paragraph 5.40. Other details oflayout and equipment will follow Hospital Policy and are not discussed here. HBN6, para 5.41, suggests that the recovery area should have natural ventilation; in practice, most of these areas are in a core position.
It may be possible to use this area for patients undergoing prolonged examinations such as barium follow-throughs; there are problems accommodating them here, but there is no easy alternative (see article 4, April JRSM).
Clean utility
In 4.39 of HBN6, the functions are well set out but there will be variation between departments: the use of the existing room will give the best guide to your needs. The clear space required to lay up a sterile trolley is a critical dimension. For the security of the CSSD packs, etc., this room should be lockable.
The controlled drug cupboard will be here (see HBN6, paras 4.38 & 5.54, and HEqN6, para 26.4.6), which is a suitable position during the day but, for resuscitation out-of-hours, controlled drugs may be wanted in a hurry elsewhere in the department. To meet patient needs and legal requirements a suitable procedure has to be evolved with the pharmacists and the nursing hierarchy; such a course of action is now difficult to arrange, but electronic locks (see article 9 discussing advances) may be the answer. The single size given in HEqN6 may be inadequate for larger departments.
Space for nursing area HBN6, para 4.41, recommends that the recovery area, nurse base and clean utility should be grouped together. They are so grouped for costing in HN(85)1, but there are only two sizes -26 m2 for departments with 8 rooms or less and 36 m2 for 9 rooms or more. In our opinion, this will be adequate in departments up to the 6-room size, but too small for the larger ones, particularly where there is a lot of interventional work.
Dirty utility
See HBN6, para 4.42. Surprisingly, this is costed separately from the other nursing areas and has a very limited range of sizes: all are allowed 9.0 m2, except the 12-room department which has 11.5 m2. As this room has a bed-pan washer or macerator, the area and hence the cost allowance are inadequate. A core position is suitable as mechanical ventilation is essential.
'Crash' trolley Space must be provided for the 'crash' trolley, often different places at different times of the day: e.g. near IVU and special rooms during the day but near the 'accident' room at night. Hospital Policy will determine the specification of the trolley and the drugs and equipment on it.
General support facilities Stores General, unused film, chemical and linen stores are listed in HBN6, paras 4.78 to 4.81, and minimal guidance need be given to architects and planners. Packages of film and chemicals are large and heavy and need strong shelves of adequate size in the unused film and the chemical stores, some of the shelves being wide enough to support the larger film sizes; the weight will restrict the useful height for shelving. Make sure these points are on the 'A' sheets; remember these are the instructions to the architect. Surviving from the days of acetate film base, there is widespread belief that film stores are a major fire hazard; with the current melamine base this is not so.
Mobileparking bay
One of these should be in the department, and others suitably placed around the hospital; the latter are discussed in a later article. Racks will be needed for lead aprons, conveniently placed (not necessarily in the departmental bay) so that the radiographer can pick them up as she/he walks out. Space should also be allowed for small trollies to transport cassettes and grids: this useful accessory is not listed in HEqN6.
Cleaners' room: Switchroom Although in the radiodiagnostic department, functionally they are in the domains of the housekeeper and the engineer who will oversee the client's part of planning.
Workshop HBN6, para 4.91, lists this as 'Essential Complementary Accommodation'; as it is dedicated to the maintenance of equipment of the radiodiagnostic department, it is odd to have an option that could take it outside that department! In HBN6 it is stated that 'work involving the generation of X-rays should not take place in this room'. However, the new Radiation Protection Regulations make it impossible to continue to test mobile apparatus in the corridor, and as diagnostic rooms can rarely be spared for this purpose, the workshop will need appropriate protection so that X-rays can be generated there; details should be discussed with the Radiation Protection Adviser (RPA). In addition to the maintenance engineers, the room may be used by other 'outsiders' who work intermittently in the department, e.g. RPA and his staff: check the likely users and the facilities they will need.
SPECIAL IMAGING TECHNIQUES
Other than ultrasound, these modalities are outside HBN6 and HN(85)1; if included in your department, they will bring an increased need for supporting services, reception, general office, radiologists' offices and secretaries' area, staff room, nursing facilities and toilets. To calculate the overall need for these, the extra rooms will have to be added to the X-ray rooms to give a total number of imaging rooms: this figure should be used in conjunction with HN(85)1 and HEqN6to determine the areas and the equipment lists. Some of these special techniques were dealt with in the section on 'Special procedures' in article 7 (July JRSM).
Many of these advanced techniques involve viewing on monitors with the use ofcomputers to manipulate the data. Ducting for the necessary links must be on the plans from the start, although decisions on the apparatus and details of the links will not be made until much later: indeed, this ducting should be in all hospitals even if not needed immediately because, as noted in the section on the reporting complex in article 6 (June JRSM), such links are certain to be wanted during the next 80 years and hence the life of the building.
Thermography and xerography Very little extra is needed for these procedures. Thermography may need airconditioning with careful control of temperature, although this is not so essential for some of the more recent apparatus; xerography will need its own processing facility.
Ultrasound
Over the last 10 years this has revolutionized the work of imaging departments; indeed, it has changed the name of the department! Ifit is at all possible, the ultrasound rooms andtheir supporting facilities should be gathered together into a dedicated suite. With the high proportion of obstetric work, the waiting area should be well separated from any radiation risk, e.g. isotope scan patients after injection.
Ultrasound apparatus requires few special facilities and is easily accommodated in an ordinary X-ray room. Radiation protection, although not required, should be incorporated to allow for future development when the use of the room may change. Because ofthe use oflubricant jelly, a wash-hand basin is even more necessary than in an X-ray room. If the room is to be used for procedures like cyst-puncture, this basin needs to be arranged for scrub-up; access will be needed to and from the clean and dirty utilities.
Compared with X-rays, there will be more frequent reporting' inside the diagnostic room and this will need increased work-top space and computer terminals.
Hard copies of the image will usually be made: these may be instant (Polaroid), but ifstandard film is used it will require processing and hence there must be good access to the departmental facilities; alternatively, a small desk-top processor may be suitable. A small dedicated darkroom is another possibility (see para 4.95 'of HBN6 on 'Optio'nal Accommodation').
As noted in article 3 (March JRSM), direct access from the antenatal clinic can be useful.
Size and number of rooms
Modern apparatus is compact and a room size of about 20 m2 is adequate for simple ultrasound examinations, the same size as many ofthe dedicated X-ray rooms. However, for more complex procedures which include minor surgery, 33 m2 will be needed, the same size as a general radiographic room. For Doppler apparatus and arterial investigation, 38m2 may be required, the size of a 'special procedures' room.
The rapid expansion of ultrasound makes prediction impossible, as illustrated by paragraph 25.2 of HEqN6which relates the number ofultasound rooms to the number of radiodiagnostic rooms; it is already out of date, although published in 1982. For the best estimate, existing workload should be extrapolated to the time of opening of the new or expanded department.
Supporting facilities A convenient subwaiting area and changing cubicles are essential; a dedicated small office is desirabl'e for someofthereportingandfortheadministrativework. An adjacent toilet reserved for use by ultrasound patients is essential: if queried, remind the planner of the need for a very full bladder when examining the lower abdomen. If the area is separate from the main department, it may be necessary'to duplicate reception and other office functions.
Special ultrasound
Obstetric and cardiac ultrasound are well established and in many hospitals these diagnostic rooms are outside the radiodiagnostic department, the examinations being carried out by the clinicians. If included in the radiodiagnostic department, they will bring a heavy extra workload. Similarly, other techniques such as Doppler for arterial examination may be in X-ray or the clinical departments.
Radioisotopes
This form ofimaging has not had as marked an effect as ultrasoundbut it does introduce a profound change in principle; X-ray and ultrasound are purely physical methods of producing images, but physiology plays an essential part in the radioisotope image.
Indications
The provision of an isotope facility in an imaging department is far from standard and it'will have to be justified. Radioisotope Services, A Design Guide (1972 amended 1976) is still the official DHSS guide and it states: 'Such a service could in some cases be provided at district general hospitals'. It also links in vitro and in vivo studies. A more up-to-date picture is presented by Guidelines on the Provision of Nuclear Medicine Services, published in 1982 by the Intercollegiate Standing Committee on Nuclear Medicine: '2.3.1 'The most impoftant single factor in developing a Nuclear Medicine service isthe fdll support ofthe cfiiicCiss who will use the service. Without this theservice will either remain fragmented or will not receive the impetus required for a start to be made'. '5.3 Nuclear Medicine facilities should be provided for every National Health Service District, sothatpatients.will benefit from-them without having to travel unace6ptable distances'.
In spite ofthe opinion-ofsuch aprestigiouscommittee, some still hold that patients should go tW isotopes rather than the other way round (eg. Radio-isotope Services, A Design Guide).
To present a case, start with the common pcanslung, bone and liver. The diagnosis of pulmonary embolus is difficult and urgent, and thewpatients are ill. Ventilation and perfusion scans coupled with a conventional chestX-ray willbstelucidate the problem, but for-the majority ofsuch patients there is no question of being-able to move to another hospital.
Bone and liver scans are needed for many purposes, but the search for or exclusion of secondary deposits is important in the present context: they are usually wanted urgently, and though the patients may be able to move more easily, there are strong psychological reasons against their having to do so. These are strong arguments to justify an isotope facility in all DGHs. If that is accepted, the next step is to consider the marginal costs of extending the facility. With the cost of transferring patients to other hospitals, it becomes cost-effective to provide an even wider range of investigations than the basic.
Radiopharmaceuticals
The production of these is complex and expensive; as most have a short half-life, they cannot be produced too far away. It may be convenient to concentrate isotope production into a limited number of centres. An early decision must be made on whether the department has its own radiopharmacy or relies on an adjacent hospital. Ifthe latter, considerable building and revenue costs can be saved; transport arrangements will have to conform to the regulations governing movement of radioactive materials (Code of Practice dated 1975 available from HMSO; the RPA will advise you on any later changes).
As noted in HBN6 para 1.5d, advice on radiopharmacies is included in the guidance on Pharmacies, HBN29 Pharmaceutical Department and in Guide to Good Pharmaceutical Manufacturing Practice (HMSO).
Radiation protection
In the planning of an isotope department, the RPA must be involved from the beginning. He will advise on all the regulations which exist in this field, such as transport (see above), as well as the effects of the Radiation Protection Regulations: e.g. the size ofthe waiting room will be affected by how close patients can sit to each other and to visitors after an isotope injection; the process of disposal of radioactive waste.
'Radio-isotope Services, A Design Guide' This was published by the DHSS in 1973, and amended in 1976 by HN(76)72. There has been so much change in the provision and organization of these services that the earlier paragraphs on levels of service needs and chains of responsibility are out of date, as noted above. But the section on planning an individual department has much good advice; with the advances over the years, its 'Sub-regional Centre' is now the type of department a DGH would require. However, in most hospitals the in vitro studies will be conducted outside the imaging department, either in biochemistry or haematology, and planning for such will be by these departments. The extent of on-site processing of radiopharmaceuticals will determine the size of the radiopharmacy and isotope store. At 53 m2, the imaging room is large but it is really two roomssee their paragraph 27 on equipment: we agree with the implication that 25-30 m' is a reasonable size for an imaging room. The clinical room might be less than 20 m2 in view of the absence of in vitro studies, but for the higher throughput of work which is now likely, more than 11 m2 will be needed for the waiting room. Will two counting rooms be required? Careful consideration must be given to some points in this Guide.
Computer assisted tomography (CAT), magnetic resonance imaging (MRI), digital vascular imaging (DVI) The rapid changes in these examinations ofadvanced technology make it difficult to advise planners on the needs: as today's specification may be inappropriate tomorrow, flexibility is mandatory. Many details ofthe room will have to be left undecided until after the apparatus has been chosen, when the manufacturer concerned will be pleased to help using his past experience. Indeed, there may be advantages in departing from the usual practice of a late choice of diagnostic equipment. Ifthe manufacturer is selected at the beginning ofthe project (with suitable guarantees in the contract for fully updated apparatus), he can give his expert advice from the start; some of the building requirements, particularly for MRI, are so specialized that the manufacturers may be prepared to take over management of a project, providing a turnkey operation which may include substantial building outside the immediate room.
A DVI room is essentially similar to one for special procedures. For CAT and MRI, the apparatus being large, the rooms have to be big; present information suggests areas of50-60 m2 for the former and 60-70 m2 for the latter. On other points, the rooms will be similar to an X-ray room with wash-hand basins, barium plaster walls (even for MRI to allow for possible change of use), etc.
Special requirements for MRI MRI apparatus has many special planning requirements. Some general points appear below, and more detailed guidance will be given in the book arising from this series of articles, to be published in 1988.
To estimate costandtoplanforweightofapparatus, supporting facilities and unwanted side effects, an early policy decision is needed on the likely strength of magnet: 0.3-0.5 Tesla is suitable for general work, 1.0-1.5 T for CNS and spines, and over 1.5 T for other specials, research and spectroscopy.
Siting is critical; note the following: (1) There are effects on adjacent electronic apparatus, e.g. in the theatre on the floor above or electronic watches in a corridor; and magnetic records (computer discs, credit cards, cards for electronic locks, etc.) can be destroyed: they will need distance or shielding.
(2) Interference with the radiofrequency signals can ruin the images; to avoid an unsuitable site, a radiofrequency survey is essential to find out what is in the environment.
(3) The steel content of the building is critical; to allow for it, the field has to be plotted by a computer because of its complexity. Extra steel for shielding may require strengthening of the whole structure. (4) Easy access is essential for the installation ofthis heavy equipment: to a lesser degree this applies also to CT.
(5) Because of the serious effect of these magnets on any metal in the body, it is essential to detect it when field strengths are over 0.5 T. It is not adequate to rely on history from patients. Planning for detection apparatus will appear in the expanded version ofthis section in the book.
(6) If a cryogenic magnet is used, the access for the liquid helium and nitrogen needs careful study; for both, it is essential that there is a smooth and level floor all the way from the unloading bay. Helium flasks come every 5-6 weeks, nitrogen every 10-14 days; the latter can be piped over short distancesj but this is expensive and therefore unlikely unless several cryogenic magnets are being used.
Suite of rooms
For DVI, CT and MRI it will be necessary to plan a suite of rooms. Some manipulation of the data is likely to be done on the main apparatus but most will be on a dedicated console. This should be in a separate room to allow simultaneous work: about 15m2 is needed in a DGH, but at least 20 m2 in a teaching hospital to allow for the bigger clinical conferences. Even if a separate console cannot be bought at the time ofthe original installation, it is strongly advised that the room should be there to allow later purchase. It may be possible to use the same computer for CT, MRI and DVI; common data manipulation can be helpful clinically. The electrical supply for the computer(s) is critical: 208 volts, smoothed and without stray voltages. If possible, check the intended supply line in advance. To avoid back voltages, 'clean' earthing will be necessary, usually by linking all circuits to earth rods via low-pass filter boxes. Control ofroom temperature is still required and can be important if large conferences are common; 4 people produce 1 kilowatt ofheat.
To ensure efficient utilization of this expensive equipment, space will be required for patient preparation (about 10 m2), a subwaiting area (about 10 m2) and changing cubicles; an office will be necessary for the radiographer in charge (8-10 m2). Space will be needed to store the data; this may be on the departmental computer but it is more likely to be on numerous floppy discs. There are considerable advantages in having the store in the suiteabout 5 M2 added to the console room or the office. Often a radiologist's office will be needed as they require more than the console room.
The above assumes that the suite is part of a main department with use ofits reception and appointment facilities, radiologists and secretaries, office services, nursing services and toilets. However, many CAT and MRI suites are 'add-ons' and it may not be possible to include them in the main department (DVI must have close access to the nursing services of the main department). If separated, all the facilities will have to be duplicated.
Combined procedures
Radiological imaging procedures may be combined with other imaging procedures or with therapeutic procedures or both. In earlier articles there has been mention of the combination of techniques involved in angiocardiography, the combined procedure with biggest effect on planning. This is an area of high technology with rapid change. Planning any cardiology room or suite will need involvement of the cardiologists: it will be a 'one-off, but with due allowance for frequent change in apparatus.
In a DGH such high technology is unlikely; combined procedures will be within the limitations of a normal screening room, and the main planning question is 'Are there enough of those?' In many cases, only the radiologist will be involved, e.g. cyst puncture combined with ultrasound, angioplasty with arteriography. Combined procedures with orthopaedic surgeons, such as the injection of joints, should not present any planning problems, but move-ment observations will require good videorecording. X-ray control will be required for the insertion of pacemaker wires; will this be carried out in, the department or on the ICU? This will be decided by local policy and appropriate facilities provided. Some urological procedures benefit from X-ray control, and may be performed in theatre or in the department. If the latter, does the urologist bring his equipment with him? Ifso, lithotomy stirrups, standard with any screening unit, and wellington boots will be all that is required. If amniocentesis is carried out in the ultrasound room under direct control, the procedure must be discussed with the obstetricians. Who will provide the sterile trolley? If it is the departmental nurses, provision of space and equipment must be made; if obstetric staff, they must make the provision. Much the same applies to hysterosalpingography.
Endoscopy: Some procedures such as colonoscopy may occasionally need assistance from X-ray fluoroscopy when difficulties are encountered; others, such as ERCP, will normally include X-ray control. In some hospitals it is the radiologists who provide the endoscopy service; this may be for historical reasons, but it is another form of imaging and the radiodiagnostic department is well suited to provide the back-up services, nursing, office, etc. For these reasons, the endoscopy suite is sometimes situated in the radiodiagnostic department even though the procedures are carried out by surgeons or physicians. Planning guidance can be obtained from the British Society of Gastroenterology.
DEPARTMENTAL LAYOUTS
Discussing the desirable features ofa radiodiagnostic department is easy compared with trying to put them together to form a department. In the NHS, many hospitals are being built or expanded using the Nucleus Hospital Project for which plans of4,6 and 8 rooms departments have been prepared. These plans are Crown copyright and cannot be reproduced here. The layouts in Figures 1, 2 and 3 were drawn as a basis for discussion.
Nucleus
Nucleus is a flexible approach to the building of a complete new hospital or the addition ofblocks to an old; it is a template which is available free of charge from the DHSS for any project in the NHS. There is a block layout with a wide range ofoptions; within that range, a considerable amount of planning -information comes with the template, including details which would normally require a planning engineer for plumbing or electrical services or a quantity surveyor for amounts of materials. If you go outside the range of options, extra work will be needed from the engineers, the quantity surveyor, etc., with inevitable additional costs and delays. Within the standard options, there is plenty of opportunity for the architect to adapt the building to its particular purpose and to give it a distinctive 'local' appearance. Use ofthese plans provides short-cuts and helps to avoid some of the mistakes that could be made by the inexperienced; there are limitations (seebelow for some withinthe radiology department). As Nucleus is free to the NHS, it is very cost-effective; we understand that the plans can be purchased for use outside the NHS.
The main feature of the Nucleus system is a block in the shape of a cross; a ward or department can be part of a block, the whole of one or more than one as necessary, and the blocks can be put together to form a hospital.
Radiology in Nucleus
The authors are familiar with the 'Mark II' departments. The block is too large for a 4-room department and so options are open for the use ofthe 'spare' space until such time as the workload expands to need two extra rooms, the design allowing for this. A 6-room department takes up the whole of a block, new or by expansion. Allowance is made in the 6-room layout for later expansion to 8 rooms but this requires additional building on the 'end' of the cross. If more than 8 rooms are likely to be needed, additional block(s) would have to be devoted to the radiodiagnostic department (see further notes below). The office and reporting complex are placed centrally where they are difficult to expand; they can only service 8-9 rooms so further expansion outwards from the same centre is not practicable.
The wings of the cross butt up against the wings of the adjacent blocks. In the Nucleus plans, use is made ofthis to give direct access from the A&E Department and to suggest direct access from the antenatal clinic to ultrasound: this assumes that the overall plan of the hospital makes such a siting of the departments acceptable. With blocks on either side, expansion by building is limited; the alternative is to move the occupants ofan adjacent block to free it for X-ray, but they were probably there because they needed to be! An important limitation of the 6-and 8-room departments is that they are for a District with only one department. Most Districts will have a principal department with a number of satellites in the DGH and/or in associate hospitals. There is a little space for an increase in the number of radiologists' offices, but no room for the office work or record storage which such satellites will bring; a large archival film store and early transfer may be the only way to 'create' space. Ifmore space than '6-rooms expandable to 8' is needed, it has to be 'back to the drawing board': 2 x 6 may equal 12 but the result could be an operational millstone with division of many facilities; reception, office, reporting, nursing area.
Discussion plans
The plans in Figures 1-3 are block drawing and are not to scale. The size of the dignostic rooms is varied to indicate the flexibility that is allowed to suit specific needs. For more detailed planning, information would be required from the Departmental Operational Policy; e.g. which 'diagnostic rooms' will be X-ray, ultrasound or isotope. Emergency exits and back entrances for staff are not shown. Toilets and other supporting services are included in the nursing area.
Linear department (Figure 1 ) For this, it was assumed that the A&E department was across the corridor so that one entrance was convenient for all patients. There are 8 rooms with all traffic concentrated in the one corridor. Rooms 1 and 8 are a long way from the entrance but they are the 'special' rooms with a relatively low turnover. Near the entrance is a large general room (5) Figure 1 . Linear department. A long department with all the diagnostic rooms in pairs, one on each side of a processing unit some patients will require, and adjacent to it is the trolley bay. The central reporting room is within the reporting complex and close to this accident room. There are processing areas between each pair of rooms, normally convenient to work, but any apparatus failure will result in long walks. There is good visibility of the whole of the department from the reception desk and management station (assumed to be part of the reception desk and not shown separately). The wide, straight corridor provides plenty of room for bulky loadsparticularly important during equipment replacement. However, expansion of such a department is difficult except through the 'support area' making it even longer. The only way to expand the office or the reporting complex is by building at the sides. A small, current film store implies a large and adjacent archival store: anything larger would increase the length of corridor, and the accident room is already far enough from the entrance.
Square department (Figure 2)
The same applies to the entrance as in the linear department. There are 7 rooms, one split into two for IVUs (7); flexible use of space is shown, with room 6 being a little small (? ultrasound) to allow generous space for the divided 7. There is no natural light or ventilation for the diagnostic rooms or the processing area, and the former surround the latter, giving good access to the latter and backup for individual apparatus failure. The 4 corridors linking 'processing' to the main corridor have plenty of space for staff movement but are narrow for processor replacement; doors at the back of the trolley bay might allow for this. For A&E patients, this trolley bay is very close Figure 2 . Square department. Diagnostic rooms are grouped around a centralprocessing area to the entrance, adjacent to one general room and close to another as backup. The central reporting room is situated between the processing area and the entranceideal for immediate reporting, but rather far away from the rest of the reporting complex. Traffic is divided round two sides of the square; furthest from the entrance are the low turnover rooms (IVU and special). The central processing areai has to be large to allow 7 rooms (one divided) to fit round it. Quite a lot of circulation space is needed for this type of layout. The reporting complex is large to indicate a-teaching function. Etpansion may be in a U form (see Figure 3 ) or through the subwait area opposite 5 and 6. U-shaped department (Figure 3 ) This is a development of the square layout (Figure 2) , comprising 9 rooms with one split. A separate entrance is provided for A&E patients; note-the space taken up by duplication of the entrance, reception, trolley bay and waiting room. The central reporting room cannot be convenient to both entrances but it is close to the rest of the reporting complex. There are only 5 rooms (one split) arouind the central processing area and this is compact as a result: none of these rooms has natural light or ventilation but the other 4 do. Had it not been for the additional entrance, there would have been a better ratio ofcirculation space to otherspace thaninthe square department. Expansion through the subwait opposite room 4 is unlikely to be possible because of the proximity of A&E. Going beyond room 7 would take traffic through the busy Figure 3 . U-shaped department. A combination ofthefeatures ofthe other two: 5 rooms grouped around a centralpr&Wssing area, and 4other rooms groupedinpairs inside corridors, one room on either side ofa processor area by the'A&E entrance. The best expansion would be between rOom' 6 and the' reporting complex through the lavage/toilet area, this being resited in the new block. With A&E close on one side, it would be important that the other was free and available for expansion.
Conclusion
These layouts illustrate advantages and disadvantagesoften the two sides ofthe same coin. There are many other possible layouts: for example, a square department which is 4linear departments, one to each side; one such very large department has a separate superintendent for each side. Unless Nucleus has been adopted for your hospital,'it will be necessary to explore the many variations to find the best layout for the needs ofthe hospital within the limitations' ofthe site.
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